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Abstract

Assimilation phenomena often attract phonologists’ interest, as they are common in every language.
However, various assimilation phenomena remain unstudied, especially in terms of experimental phonology
and phonetics. One of the most common cases is /s/-voicing in Standard Modern Greek (SMG), i.e.
the conversion of a voiceless [s] to a voiced /z/ when followed by a voiced consonant as a result of
regressive voice assimilation. Most of the previous research indicates variability across speakers and
across different types of consonants. Overall, the realization of /s/-voicing is described as gradient rather
than categorical. Previous studies have only focused on /s/-voicing across word boundaries. However,
/s/-voicing also occurs within the boundaries of a word. In many cases, clusters containing a sibilant and
a voiced consonant are formed by morphological processes. This study aims to investigate the /s/-voicing
across word boundaries, morpheme boundaries, and stem internally in order to describe the application of
/s/-voicing in SMG in different morphological environments. For the goals of this study, native speakers
of SMG were recorded during a production experiment. The speakers read aloud a number of passages
designed to contain different cases of /s/-voicing. Various acoustic correlates were examined in order to
describe the tokens phonetically and compare the assimilated tokens with the sibilant phonemes /s/ and
/z/ of SMG. The applicaiton of voicing was measured as the ratio of the voiced part of over the total
duration of the sibilant. The different morphological boundaries did not seem to affect the application of
/s/-voicing. However, the voicing ratio differs across the different types of following consonants as well
as across speakers. These results confirm the previous literature in regard to the effect of the following
consonant and between-speaker variability. The center of gravity was the most distinctive characteristic
between assimilated and non-assimilated tokens and differences in terms of duration and intensity were

found between the non-assimilated and [s] tokens as well as between assimilated and [z] tokens.
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1 Introduction

In Standard Modern Greek (SMG) /s/-voicing is a well-documented phonological rule of regressive assimilation

(Horrocks 1997). According to this rule, the voiceless phoneme [s] becomes voiced /z/ before voiced consonants.
(1) olvdeopoc connection ['sindezmos]

This assimilation phenomenon has only recently been studied phonetically (Arvaniti and Pelekanou
2002; Tserdanelis 2005; Baltazani 2006) and these studies have focused on the realization of the phenomenon
across word boundaries, that is, when a word ends with a [s] and the following word begins with a voiced
consonant. In this study we aim to investigate /s/-voicing in all the possible environments, that is, both
word internally and across word boundaries as well as in different segmental environments using different
types of voiced consonants. In this study we aim to focus on two factors and examine whether they affect the
realization of /s/-voicing: a) the boundary depth, by examining /s/ + C[4.,0; clusters in the stem, across
morpheme boundaries and across word boundaries based on morpheme-based morphological approach (Ralli
2003) and b) the type of the following consonant, using voiced plosives, fricatives, nasals and sonorants in
/8/ 4 Cl4v0i clusters. Previous literature has shown that the following consonant affects the realization of
/s/-voicing as well as that speakers differ in the degree in which they apply /s/-voicing. We aim to re-examine
this parameter as well. Native speakers of SMG were recorded reading texts that were created for this
study and contain different cases of /s/ + Cjpy4 clusters. The data were analyzed phonetically and several
acoustic characteristics were measured, such as the duration and voicing of the token in order to describe the
realization of /s/-voicing.

This thesis is structured as follows: In the first section (1.1) we will examine the nature of assimilation
phenomena in general. There has been a lot of research on the different types of assimilation cross-linguistically.
In the next section (1.2) we will give a brief overview of the studies that focus on a phonological analysis of
assimilation. In the section (1.3) we will discuss the case of /s/-voicing in Greek by reviewing the relevant
literature and previous studies. In section (1.4) we will discuss how different phonological theories deal with
idea of distinctive features and how these features can be described phonetically. Finally in the last section
(1.5) I will try to give a description of the research approach that is being followed here and the main research
question that we will try to investigate.

The second chapter describes the approach followed in the study and the research questions that we aim
to answer, as well as the process and the material used for the production experiment. Chapter 3 provides
the results of the experiment and a brief explanation of the findings of this study. Finally, Chapter 4 gives a
more detailed discussion of the results and some general conclusions as well as the most important limitations

of the study.



1.1 Assimilation phenomena: An introduction

Assimilation is one of the most common phonological phenomena across languages, which has attracted a lot
of interest both from a phonological and a phonetic perspective. Bakovic (2007, 355) defines assimilation as
the process whereby “two or more segments in a form agree in their value for some phonological feature(s) or
feature class(es)”. Apart from this general definition, more specific definitions have been proposed in the
frame of specific theories.

Autosegmental Metrical (AM) phonology focuses on the features that constitute a sound, and considers
these features as the lowest level of language organization (van Oostendorp 2011, 1). AM phonology also
assumes that these features exist independently of each other, but are all attached to what we call “the
skeleton, which keeps track of the time” (van Oostendorp 2011, 2). In terms of AM Phonology, assimilation
is defined as the result of feature spreading (McCarthy 2011, 1). Articulatory Phonology tries to describe the
processes as results of a sequence of gestures (Browman and Goldstein 1986; 1992). In terms of Articulatory

Phonology, assimilation is the result of “gestural overlap” (1992, 29).

1.2 Cases of /s/-voicing across languages

A well-documented case of /s/-voicing occurs in several Italian dialects. Especially in Northern Italian,
/s/ becomes voiced when it is found in intervocalic position (Kramer 2001, 1). However, there is lot of
variability concerning intervocalic /s/-voicing across the Italian dialects. Intervocalic /s/-voicing is one of
these phenomena realized in different degrees and different ways across Italian dialects (2001). The relation
between an underlying unvoiced representation of /s/ and a surface voiced counterpart has been in question
in a number of studies (Baroni 1998; van Oostendorp 1999; Kramer 2001; 2003). Baroni argues that in
Northern Italian the voiced alveolar fricative can only occur in intervocalic position (Baroni 1998). According
to Kramer “in OT, intervocalic s-voicing is captured as the effect of a high ranking markedness constraint”
(2003, 4). Kramer then argues that dialects such as Tuscan and Lombardian, that is, those that apply
/s/-voicing in intervocalic position, have different constraint rankings (2003, 4). Lombardian speakers retain

markedness at a higher ranking than faithfulness whereas the reverse would be the case in Tuscan.

*VsV and faithfulness:

Initial stage: MARKEDNESS » FAITHFULNESS (*VsV »IDENT (voice))
Tuscan: IDENT (voice) »  *VsV (achieved by demotion)
Lombardian: *VsV » IDENT(voice) (= initial stage)

(Kramer 2003: 4)

Baroni investigated a different aspect of the intervocalic voicing in Italian, namely, the role of morpho-

logical environment in the application of voicing. Intervocalic voicing does not apply in specific cases, such as



recent loanwords (Baroni 1998, 1):

[asim:etriko]  "asymetrical"

[asosi'ale] "anti-social"

These examples represent a number of cases in which a /s/ in stem-initial position does not become
voiced if preceded by a prefix-final vowel, although it is in intervocalic position. In his analysis, (Baroni
1998, 2) claims that: “the distribution of [s] and [z] is sensitive to morphological structure: intervocalic
voicing is blocked when the vowel preceding /S/ does not belong to the same morpheme. I will refer to this
phenomenon as Intervocalic Voicing Blocking (IVB)”.

Another approach to the interface between Italian intervocalic /s/-voicing and morphological structure
was followed by van Oostendorp (1999), who proposed that the prefixes can become part of the prosodic word
of the stem in order to satisfy the Onset constraint. As the /s/-voicing occurs in cases where the preceding
and following vowel belong to the same Phonological Word, cases such as [aso’siale] can be explained by the
fact that the initial syllable of the stem does not need to be incorporated in the same Phonological Word
with the stem.

Baroni argues that intervocalic /s/-voicing in Italian dialects is categorical. His data analysis showed
that only fully voiced or totally voiceless tokens were produced by the speakers, supporting his theory that
/s/-voicing is a categorical rule and that there are cases in which voicing is blocked. Baroni’s explanation of
the categorical nature of this phenomenon is that “all the tokens of all the voiced categories (+z, z++, z)
have a voiced portion / overall duration ratio of 1, i.e. there is no trace of devoicing, whereas even the most
voiced voiceless token (the maximal value of the category +s) has a voiced portion/overall duration ratio
of approximately 1/3 (the voiced portion of the voiceless tokens always occurs at the beginning).” (Baroni
1998, 5). We may consider this rule obligatory, since it applies always, while the realization of voicing seems
rather gradual rather than categorical, as it applies in different degrees. We should also mention that the
voiceless tokens did contain a voiced part in the beginning that can be supposed to be the voice tail, the
vibration that continues into the next segment after a vowel (Berg 1986; Leander 2008). Grijzenhout (2000)
examined voicing and devoicing phenomena in Germanic languages. A case of /s/-voicing can be found in
English in the formation of the plural, e.g. dog — dogs. Since the feature in this case spreads to the next
segment, it is a case of progressive voicing assimilation (Grijzenhout 2000, 5). Grijzenhout aims to provide an
account within Correspondence Theory, according to which, assimilation phenomena follow a set of universal
constraints and she argues that “differences between languages are explained by different constraint rankings”
(Grijzenhout 2000, 5). An example of this relation between constraints can be the constraints AGREE and
IDENT [voice]. The former constraint will lead to assimilation of the voiceless segment when followed by a
voiced one, whereas the latter will prevent the assimilation in order for the segment to maintain its underlying
value for the feature [voice]. Therefore, it depends on the ranking of these constraints whether assimilation

will be applied or not and in which segmental environment. In Spanish we find cases of /s/-voicing before



voiced consonants both word-internally and across word boundaries (Schmidt and Willis 2011, 2):

después [des.pwes] ‘after’ (/s/ is not voiced)
desde [dez.0e] ‘since’ (/s/ is voiced word-internally)

los bancos  [loz.fan.kos] ‘the banks’ (/s/ is voiced across word boundary)

Schmidt and Willis (2011) report different degrees of voicing in Mexican Spanish. Another case of
intervocalic /s/-voicing, this time in Catalonian Spanish, has been investigated by McKinnon (2012). In his
experiment, he tested sixteen speakers from Catalonia. His corpus consisted of recorded speech while the
informants were reading aloud a text as well as of a short interview between the speakers and the researcher.
Tokens from both recordings were used for the analysis. His data analysis focused on the percentage of voicing
in the sibilant, using both the waveforms and the voice bar in the spectrogram as indicators for the presence
of voicing. McKinnon categorizes the data in three groups according to the percentage of voicing: “tokens
with 0% to 20% percent voicing were deemed ‘voiceless’; 21% to 90% ‘partially voiced’; and 91% to 100%
‘fully voiced’ (McKinnon 2012, 19). The vast majority of the tokens that he examined were categorized as
voiceless. A number of tokens were categorized as voiced and there were tokens also marked as “partially
voiced” (2012, 22). These findings point to a gradient rather than categorical voicing since the rule does
not apply in all cases and since it applies in different degrees. As McKinnon (2012, 23) argues, the results
indicate that /s/-voicing in Catalonian Spanish “is not predictable; although certain (socio)linguistic contexts
favor or disfavor it, /s/ is never exclusively voiceless or voiced in intervocalic position”. In Schmidt & Willis
(2011) and in McKinnon (2012) we find evidence indicating that the phonetic realization of /s/-voicing is not
categorical and that assimilation may not apply in a number of tokens. We will focus more on the relation

between the phonology of /s/-voicing and its phonetic realization in the next sections.

1.3 The case of /s/-voicing in Greek: Previous research

In Standard Modern Greek there are two sibilants i.e. an unvoiced [s] and a voiced [z]. When a sibilant
is followed by a voiced consonant a voice assimilation process takes place and an underlying /s/ becomes
[z] (Nespor and Vogel 1986). All the previous research on /s/-voicing in Greek focused on the realization
of the phenomenon at the level of word boundaries, that is, in cases wherein the first word ends with /s/
and the following word begins with a voiced consonant. These cases have attracted a lot of interest because
/s/-voicing across words was supposed to indicate shallow prosodic boundaries whereas blocking of voice
assimilation revealed a deeper boundary (Nespor and Vogel 1986). The voiceless sibilant in written SMG
is represented by the letter sigma (X, o, ¢) while the voiced one by the letter zeta (Z, {). The assimilation
creates a mismatch between the written form and the pronunciation in these cases. When an underlying /s/
precedes a voiced consonant it will be pronounced as if there were a zeta in the written form, although there

is a sigma, e.g.:



(2) dopa ['azma] (song)

This mismatch between written and spoken form seems to be a result of the phonological development
of Greek. In Ancient Greek zeta was representing a complex segment ([zd] or [dz]). The affricate was then
simplified to [z], during the Hellenistic period, creating a mismatch between phonology and orthography
(Horrocks 1997). Until then sigma was the only letter representing a sibilant, and it would become voiced
when followed by a voiced consonant (Horrocks 1997, 170). Apart from the /s/-voicing within the stem, a
very common case of /s/-voicing occurs in the formation of the mediopassive participle:

(3) xhebvw  xhewo + pévo  xhelouévo
[klino]  [klis + 'meno]  [kliz'meno]

The discussion concerning the segmentation of the formative -s- in the passive participle is still open:
the -s- can be assumed either as part of the stem (resulting in an allomorph), or as an inflectional suffix
demarcating the aspect. Ralli (2003, 94) provides strong arguments in favour of the view that there is a
additional morphological stem ending in -s- stored along with the basic stem, i.e. the s-stem, that is combined
with the morpheme —men(os), which forms the passive participle in Greek (Example 2). Moreover, Ralli
(2003) provides an adequate description concerning the steps that have to be taken before /s/-voicing occurs.
The outcome of this combination is an /s/ + Clyye cluster that results to the assimilation of the sibilant.
These cases indicate an interaction between phonology and morphology since the addition of the suffix leads
to the voicing of the sibilant. This is also clear in cases where a prefix is added in a word starting with a
voiced consonant, like in the word npooyeiwon (landing):

(4) mpoc + yeiwon — mpooyelwon
[pros + 'jiosi] — [prozjiosi]

In this example there is an underlying form of the prefix «npocy [pros] that is followed by the voiced
fricative /j/. The examples provided above give us a brief idea of the most common cases of /s/-voicing
assimilation in SMG. So far we have seen that the /s/+voiced consonant clusters (/s/ 4 Cli.4) can occur in
stem internal positions and also across morphemes, that is, when a prefix or a suffix attaches to the base and
results in this cluster.

Arvaniti & Pelekanou (2002) were the first to attempt a phonetic examination of phonological rules in
Greek, including /s/-voicing. Their corpus contained spontaneous speech and recorded data from speakers
reading texts aloud and the voicing was defined impressionistically based on the spectrogram and the
waveform.

Although voicing would be expected to apply without exception, their analysis showed fully voiced,
partially voiced and totally unvoiced sibilants in different cases. All the tokens contained similar prosodic
boundaries, indicating that the differences were not due to varying boundary strength. Unfortunately, this
study, although useful, was based on a very small number of tokens; only nine cases of /s/-voicing were
examined. However, the results were important as they indicate that, when tested phonetically, /s/-voicing

does not seem obligatory and it appears as a gradient rather than categorical phenomenon.



In a more detailed study, Tserdanelis (2005) created ambiguous phrases in which there were /s/ + C4.y0i]
clusters across word boundaries. Using these ambiguous sentences, in which the meaning could change
depending on the prosody, he recorded native speakers of Greek in order to test the relation between prosodic
boundaries and /s/-voicing as a sandhi rule (Tserdanelis 2005, 51). His measurements included the total
duration of the sibilant and the duration of voicing during it. The intonation of the utterances was annotated
using GRToBI (Arvaniti and Baltazani 2000; 2000) and analyzed in order to take into account differences in
the prosodic boundaries.

Tserdanelis observed the waveforms and spectrograms of the recordings in order to determine the voicing
of /s/. He reports only fully voiced and voiceless segments and no cases of partially voiced tokens (2005, 77).
He also reports that in the cases where there was a prosodic boundary, the assimilation was blocked and the
sibilant was not voiced. Furthermore, according to his results voicing would apply always in cases with no
prosodic breaking.

In the last study on /s/-voicing to be reviewed here, Baltazani (2006) tested the realization of /s/-voicing
at word boundaries. To do so, she created a matrix sentence in which only one word would change in
order to create different segmental environments, by putting different voiced consonants after the voiceless
sibilant. The consonants used in her experiment are the three voiced obstruents of Greek [b, d, g] and the
two sonorants [1, r]. In order to measure the degree of voicing she measured the total duration of the sibilants.
She also measured the duration of voicing in each of them, based on the analysis of the spectrograms and
more specifically, on the duration of the voice bar during /s/. The results revealed substantial variability
in the realization of the /s/-voicing in many ways. Most of the tokens were fully voiced but there were a
considerable number of partially voiced tokens as well as some voiceless tokens. More specifically, when /s/
was followed by an obstruent, almost 70% of the tokens were fully voiced and only 8% were voiceless. In
contrast to this, when /s/ was followed by a sonorant, 53% of the tokens were partially voiced and 29% were
totally unvoiced. Baltazani reports a lot of variability across speakers; some of them tended to voice partially
or fully in almost all the cases, while in others an important part of the tokens was unvoiced (2006). Duration
measurements showed that the biggest difference in the duration between voiced and unvoiced tokens was
found when /s/ was followed by /d/ or /1/, that is, when a homorganic segment was following. This difference
could be explained if we assume that “more gestural overlap is allowed for homorganic segments than for
heterorganic ones” (Baltazani 2006, 10). Interestingly enough, these studies have provided contradictory
results. Tserdanelis (2005) reports only fully voiced and unvoiced sibilants while in Arvaniti & Pelekanou
(2002) and Baltazani (2006) a part of the tokens was partially voiced. According to Tserdanelis (2005)
/s/-voicing is categorical (2005, 77), while the evidence from Arvaniti & Pelekanou (2002) and Baltazani
(2006) supports the argument that it is a gradient phenomenon, therefore, a non-reliable criterion of the
presence or absence of a prosodic boundary.The first thing we should notice is that all of these studies focused
on /s/-voicing across word boundaries. There is no doubt that these studies offer a valuable background for

further research not only by providing important results and conclusions, but also by offering a well designed



methodological pattern.

Unfortunately, none of these studies managed to provide definite answers. Tserdanelis’ (2005) analysis
was the only one arguing for a categorical sandhi rule, but his approach seems to be challenged by Baltazani
(2006) who argues for an analysis that considers /s/-voicing to be a gradient phenomenon. Thus, both studies
provide contradictory results, although they were based on experimental data, however, this is not surprising.
First of all, there are a lot of parameters that may affect the outcomes of experimental research, such as
speakers’ variability reported by Baltazani and differences in the following consonants, since this was also
reported by Baltazani as a parameter that affected /s/-voicing. This brief review of the related literature
about /s/-voicing in Greek shows that more research is needed in order to obtain a clearer understanding of
assimilation phenomena in Greek.

So far we have seen that /s/-voicing is a phonological phenomenon of assimilation, which is common
across a number of languages. In terms of phonology this is a rule that will apply whenever the requirements,
such as the appropriate segmental environment, are met. However, previous research has shown that in
several studies in which /s/-voicing was examined in terms of phonetics, this categorical nature was not
confirmed. On the contrary, a lot of variation was detected in the realization of voicing, both in the degree
of voicing and in the ratio between voiced/voiceless tokens across speakers and segmental environments

(Arvaniti and Pelekanou 2002; Baltazani 2006).

1.4 Acoustic features

So far we have discussed previous studies that aimed to investigate the realization of /s/-voicing. These
studies focused on specific acoustic features in order to measure the degree of voicing of the sibilant. As we
have seen in Baltazani’s research (2006), periodicity in the waveform and the existence of the voice bar in the
spectrogram are important cues for defining voicing in a segment, in that case in a sibilant. Phonetic studies
that have focused on voice assimilation have shown that there are several other phonetic cues that can be
used in order to detect voice assimilation. During our review of the literature we will focus on the voicing of
fricatives and especially sibilants and we will try to identify phonetic characteristics that can be incorporated
in the present study.

a) Duration Voiceless sibilants appear to be longer than their voiced counterparts. Baltazani’s (2006)
experiment on /s/-voicing showed that voiceless, therefore not assimilated, tokens were longer than
the voiced tokens of the experiment. Similar results were found in Jansen (2007), where sibilants were
measured as the second segment of two-consonant clusters. The results revealed greater duration for
/s/ than for /z/ tokens.

b) Intensity Sibilant fricatives are in general characterized by high intensity because of their articulation
mechanism (Toda, Maeda, and Honda 2010). Sibilants differ in the concentration of energy based
on their articulatory characteristics (Ladefoged and Maddieson 1996; van de Velde and van Heuven

2011). More recently, Strycharczuk (2012) showed that fully voiced pre-sonorant fricatives have higher
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intensity in low frequencies and that there is a significant negative correlation between the duration of
voicing and the intensity in high frequencies.

c¢) Center of Gravity The center of gravity (CoG) could be described as a measure of the “spectral mean”
(Anderson 2007, 4), within the duration of a specific segment. This measurement appears to be useful
when studying fricatives and it has been used in a number of relevant studies (Padgett and Zygis
2003; Lee and Choi 2008; Niebuhr, Lancia, and Meunier 2008; Ahn 2011). These studies have shown
differences in the CoG between different sibilants; more specifically, lower CoG values in voiced than in
voiceless sibilants (Niebuhr, Lancia, and Meunier 2008) and lower CoG in [sh] than [s] sibilants (Padgett
and Zygis 2003, 161). In the case of voiced and voiceless tokens the difference can be explained by
the presence of the voice bar in the lower frequencies area that reduces the CoG of the voiced tokens
(Niebuhr, Lancia, and Meunier 2008, 224). In the case of [sh] and [s] difference though, we can assume
that differences in the articulation, such us the size of the cavity (Ahn 2011, 21) may affect the CoG.

1.5 Research approach

The phenomenon of /s/-voicing in SMG is an interesting case of the relation between phonological analysis
and phonetic realization. A number of phonetic studies have shown that assimilation does not apply in all
the cases and that there is a lot of variability among speakers. Furthermore, Baltazani (2006) has shown that
the following consonant affects the degree in which assimilation is applied, supporting an explanation within
Articulatory Phonology. Tserdanelis (2005) argues for an absolute application of /s/-voicing when there is no
prosodic boundary blocking it. These results leave the question about the nature of /s/-voicing open in the
sense of its phonetic realization and its phonological description.

This study however does not provide an exhaustive investigation on the acoustic characteristics of voicing
assimilation in Greek. For the purposes of this experiment we maintained our focus on the appearence of the
voice bar in the duration of a sibilant, following the methodology used previous studies on Greek /s/-voicing
(Tserdanelis 2005; Baltazani 2006), considering this parameter as the main indicator of voicing assimilation.
However, unlike Baltazani (2006) we did not approach the phenomenon categorically, that is, dividing the
tokens in voiced, partially voiced and voiceless, but continuously, as a ratio of the voicing duration over the
total duration of the sibilant, an approach followed by Schmidt and Willis (2011) in the case of /s/-voicing in
Mexico City Spanish. This way we attempted to have a more specific look on the partially voiced tokens and
how they might be affected by factors such as the following consonant. Furthermore, Baltasani (2006) focuses
only on the acoustic characteristic of duration, providing results that show a higher duration in voiceless
tokens. In this experiment we investigate the correlation between the voicing ratio and duration as well the
intensity and the Center of Gravity of the tokens in order to examine the similarities and possible differences
between the assimilated voiced sibilant and the /z/ tokens in intervocalic position that were tested as control
data in this experiment.

Finally the present study does not aim at examining the phenomenon in terms of listeners’ perception.

11



Slis and Cohen (1969) used synthetic stimuli to provide evidence supporting the role of acoustic characteristics
such as the formant transitions at and the relative duration between the cosnonant and the preceding vowel
in terms of perception. However the presence or absence of the voicing bar in the experimental stimuli
was considered the major factor in the perception of the voiced/voiceless distinction (Slis and Cohen 1969).
However, to the author’s knowledge no such study has been conducted for the case of /s/-voicing in SMG.
Additionally, unlike other cases of voicing, such as final voicing in English where minimal pairs have been
tested perceptually in words ending with a Clyye+/s/ or a /s/4+C[_ye cluster (Kim 2013), voiced and
voiceless sibilants can only be found in minimal pairs in an intervocalic or prevocalic position.

(5) odver Loy

['soni]  [zoni]
This study aims to test a number of expectations and hypotheses regarding our experimental results:

1) Based on literature, we expect a significant effect of the type of consonant on the application of
/s/-voicing.

2) Between-speaker variation is expected, as it was also present in previous experiments.

3) We assume that the acoustic characteristics of assimilated tokens will be close to the acoustics of /z/
phonemes in terms of duration, CoG and intensity.

4) We will test the hypothesis that boundary depth plays a role on /s/-voicing. If /s/-voicing is only
blocked by prosodic boundaries that occur between words, we would expect a higher voicing ratio
in within-word clusters. Voicing assimilation in the stem or across morpheme boundaries cannot be
affected by prosodic boundaries, hence we should expect a voicing ratio closer to 1.0 compared to
/s/-voicing across word boundaries. In terms of Baltazani’s methodology, this would mean less, or no

partially voiced and voiceless tokens in within-word clusters.
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2 Methodology

2.1 Experimental Design

Participants
Nine native speakers of Standard Modern Greek, between 24 and 30 years old. were recorded in a quiet
room (3 males, 6 females). The speakers werer all students at the University of Leiden and have been living

abroad for one year at most.
Material

Table 1: Voiced Consonants in SMG (Arvaniti 2007)
Labial Dental Alveolar Palatal Velar

Plosive b d g
Fricative v 0 z
Nasal m 1) n n iy
Tap r
Approximant 1 £

Two word lists have been created containing /s/+Cl;,0; clusters in the stem and across morpheme
boundaries. These words were put in two short texts that the informants read aloud during the recording
sessions (Appendix p. 37). The on-line version of the Reverse Dictionary of Modern Greek (Anastassiadis-
Symeonidis 2012), which offers the ability to search for words containing specific clusters and segmental
environments, was used as a tool for the creation of the word lists. To test /s/-voicing across word boundaries
an additional text was created containing all the possible /s/4+Ci 0 clusters twice. The passages had the
form of journalistic articles discussing common social topics.

Finally, a block sample of [s] tokens was collected from every speaker. The specific tokens were in
environments that would not cause voicing assimilation, e.g. in intervocalic position or preceding voiceless
consonants. Additionally, all [z] tokens found in the second passage were also used as a sample of the voiced

sibilant phoneme. Approximately 25 cases of [s] and 10 cases of [z] were sampled from each speaker.

2.2 Recording Procedure

The participants were recorded in a soundproof booth using a Sennheiser MKH416T Condenser microphone,
connected to a Creative Live! 5.1 sound card using Adobe Audition 1.5 software to make a mono audio
recording with an amplitude resolution of 16 bits at a 44.100-Hz sampling rate.

Every participant was given the same printed copy of the passages. The participants were asked to read

all of them once and in a specific order. The first passage was a real article downloaded from a Greek news
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portal. The role of this passage was to give the participants time to get used and familiar with the procedure
and the environment before reading the passages that were designed for the experiment. The participants
were asked to read these passages at a normal rate and to correct any speech errors by repeating specific
words if they wanted to. There was no communication between the researcher and the participant during the

recording. The whole procedure took approximately seven minutes per participant.

2.3 Acoustic measurements

The following acoustic measurements were obtained using Praat (Boersma and Weenink 2018):

Total Duration

The total duration for every /s/ token.

Voicing Duration
The duration of voicing for every /s/ token. First the number of voiced intervals in the /s/ sound was
obtained and then the sum of their durations was calculated

n

Voicing Duration = Z(tend — tstart) (1)
i=1

where:

n = number of intervals
tstart = starting time of voiced interval

teng = ending time of voiced interval

Voicing Ratio
A voice/unvoiced tier was created using the PointProcess(periodic, cc) algorithm in Praat. Then the
voicing ratio of every /s/ token was calculated by dividing the duration of the voice part(s) of the token by

its total duration:

Voicing Duration

Voicing Ratio =
& ! Total Duration

Intensity

The mean intensity for the /s/ token in dB using the energy averaging method in Praat

CoG
The Center of Gravity for every /s/ token, in Hz using the FFT in Praat.
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2.4 Statistical Analysis

The following variables were used as predictors of voicing ratio:

Following consonant
The type of the consonant following the /s/ token was used as a fixed faxtor. This variable has five

levels: nasal, plosive, fricative, approximant, tap.

Boundary level
The morphological boundary between the /s/ sound and following consonant. This variable has the

levels: stem, morpheme, word.

Speaker
Since speakers may have individual characteristics regarding /s/-voicing this variable was inlcuded as

random effect.

Preceding Vowel
A binary variable was included to indicate the existence or absence of a preceding vowel that could cause

progressive voicing to the sibilant.
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3 Results

3.1 Control Data:
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Figure 1: Duration, intensity and CoG of the voiceless and voiced sibilants

We will first explore the acoustic characteristics of the two phonemes /s/ and /z/ and we will try to

understand the acoustic differences between a voiced and a voiceless sibilant.

In Figure 1 we can compare the duration, intensity and CoG of the two phonemes. The boxes represent

the interquartile range, boxes margins indicate the 25th and 75th percentile and lines represent values -/+1.5

times interquartile range above and below the 25th and 75th percentile respectively. The dark line inside the

box represents the median and the red point the mean. Voiceless sibilants (/s/) are characterised by slighlty

increased duration and intensity. The clearest difference between the two sibilants can be found in the CoG.

As we can see in Table 2, the CoG for the voiceless sibilant /s/ has a mean of 4491 Hz while the mean for the

voiced sibilant /z/ is 2153 Hz.

Table 2: Descriptive statistics for duration, intensity and CoG for /s/ and /z/ phonemes

variable  group n mean sd  median min max range skew kurtosis
Duration /s/ 229.00 0.08 0.0 0.07 0.02 0.19 0.17  0.83 0.76
/z/ 68.00 0.07 0.02 0.06 0.03 0.11 0.08 0.15 -0.31

Intensity /s/ 229.00 55.21 4.80 55.36  41.65 67.52 25.87 -0.14 0.24
/z/ 68.00 53.37 4.25 53.32 43.28 64.66 21.38  0.00 -0.10

CoC /s/ 229.00 4491.97 1391.09 4600.49 572.36 8542.19 7969.83 -0.51 0.55
/z/ 68.00 2153.47 1229.62 2032.28 382.86 5450.73 5067.87  0.60 -0.21
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Repeated-measures ANOVAs were ran to compare intensity, duration and CoG between the two sibilants.

Table 3: ANOVAs between sibilant and duration, intensity, CoG

Df Sum Sq Mean Sq F value Pr(>F)
Duration 8 0.0005 0.0005 9.86 0.0138
Intensity 8 21.56 21.56 8.21 0.0210
CoG 8 25514588.26 25514588.26 93.46  0.0000

The results (Table 3) indicate a significant difference between the /s/ and /z/ phonemes in terms of
duration, intensity and CoG. However, we should take into account the highly unequal sample size of the two

phonemes (N(/s/) = 229, N(/z/) = 68).

3.2 Voicing Ratio

The main focus of this study is the effect of the phonological and morphological environment on the voicing
ratio. In this section we will discuss the main characteristics of the voicing ratio in the data before attempting
to explore any factors that might being affecting it. In the following figures we can see the histograms of
the voicing ratio for both /s/ and /z/. As we can see, /z/ tokens are fully voiced as expected in most cases.
However, there are a tokens where voicing is not present during the whole phoneme. On the other side, /s/
tokens have a much lower voicing ratio, closer to zero. However, /s/ tokens are spread more equally, across a
range between 0-.25. This means that partial voicing is likely and present in /s/ tokens. A possible reason for
this may the preceding and following vowels and/or speaker-specific characteristics in articulation. We should
therefore expect that assimilated sibilants might already be partially voiced, even before the assimilation

process affects them.

40~
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I8/

40-

Frequency

30- 0.78

12/

20~

10-

0- — [ J— o el e —
0.00 0.25 0.50 0.75 1.00
Voicing Ratio

Figure 2: Voicing ratio histograms
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Table 4: Descriptive statistics for voicing ratio in /s/ and /z/

Phoneme n mean sd median min max range skew kurtosis
/s/ 842  0.52 /incl0.40 0.39 0.00 1.00 1.00 0.17 -1.68
/z/ 68  0.78 0.29 1.00 0.04 1.00 096 -0.82 -0.88

3.3 Acoustics of voicing

In this section we will examine the relationship between the three acoustic correlates, that is the duration, the
mean intensity and the CoG of the sibilant and the voicing ratio of the assimilated tokens. Our hypothesis
is that these acoustic correlates will reflect the degree of voicing. In order to eliminate between-speaker
variation the variables were z-normalised by speaker.

First we will examine the correlations between the three acoustic correlates. As we can see in Table 5,
all the acoustic correlates are positively correlated to each other and the highest correlation can be found

between intensity and CoG (r = .577,p < .01, R? = .346).

Table 5: Correlation and linear regression between duration, intensity and CoG

Dependent variable:

CoG_ z Intensity  z
(1) (2) (3)

Intensity z 0.588**
Duration z 0.219*** 0.219***
Observations 613 613 613
R? 0.346 0.048 0.048
Adjusted R? 0.345 0.046 0.046
Residual Std. Error (df = 611) 0.739 0.892 0.909
F Statistic (df = 1; 611) 323.196*** 30.739*** 30.768***
Note: *p<0.1; **p<0.05; ***p<0.01

A multiple regression was run in order to test how well can the three acoustic measures predict the
voicing ratio R? = .73. Finally, independent linear regressions were conducted in order to investigate the
explanatory power of voicing ratio on each of the acoustic parameters on the ratio of voicing. The results
(Table 6) show significant negative correlations for all three parameters. Voicing ratio explained a significant

amount of variance in CoG (R? = .683,r = —0.826,p < .01).
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Table 6: Linear regressions for voicing ratio

Dependent variable:

Voicing Ratio

(1) (2) ()
CoG_z —-0.826***
Intensity_ z —0.350***
Duration_z —-0.293***
Observations 613 613 613
R? 0.683 0.123 0.086
Adjusted R? 0.683 0.122 0.084
Residual Std. Error (df = 611) 0.217 0.361 0.369
F Statistic (df = 1; 611) 1319*** 85.68*** 57.27***
Note: *p<0.1; **p<0.05; ***p<0.01

3.4 Between-speaker variation

Figure 3 shows differences between speakers regarding the voicing ratio. While some speakers seem to apply
full voicing in most cases (speakers: 3, 6, 7), other speakers apply partial voicing much more often (1, 2, 8, 9).

Therefore, there seems to be a speaker-dependent variability in the degree of voicing.

1f 2f 3f 4f 5f 6f 7m 8m 9m

e | |
2 !
8 20-{0.536] (0.477] (078« [0.708 [0.631 [0.78: [0.86 [0.47], [0.493]
O_|.I.I-. .. | [T TN ackas. .| ||IJ._ . I wikl o | [ T | [ . | LhJJ.J . L.I.H.ll.
0 10 10 10 10 10 10 10 10 1
Voicing Ratio

Figure 3: Voicing ratio by speaker

Figure 4 reveals between-speaker variability also in the production of /z/. It is interesting that the
speakers with the highest voicing ratio, also produce /z/ fully voiced almost in all cases. Most speakers
though tend to produce /z/ as partially voiced. In contrast to the, /s/ tokens are always produced voiceless

or with a low voicing ratio (between 0-.25). These figures show that voicing is a process that might differ

from speaker to speaker.
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Figure 4: Voicing ratio by speaker in /s/ and /z/ phonemes

3.5 What causes /s/-voicing?

In this section we will examine the role of the morphological boundary, as well as the following consonant in
/s/-voicing. The histograms show the ratio of voicing by consonant and by boundary The histograms show
clear differences in the ratio between different types of consonants. Plosives,, a type of consonant that does
not appear preceding a sibilant in within-word clusters, has the highest voicing ratio. Boundary depth on
the other hand do not seem to affect drastically the voicing ratio. In general we observe higher probability
towards the right edge of the distribution, that is, a higher probability of full voicing, with the exception of
alveolar consonants. Additionally, in the Boundary Depth histograms we see a high probability of voicing
ratio values around 0.25, and a decreased probability of values close to 0.75. This might partly be caused be
the voicing tail from the preceding vowel. In other words, when not fully voiced, the /s/ segments are more
likely to be 25% voiced rather than 50% or 75% voiced.

In order to statistically examine the effect of boundary level on /s/-voicing, a regression model with
mixed effects was conducted. Since our dependent variable is a scale bounded at both ends (from 0 to 1) a
beta distribution was used (Verkuilen and Smithson 2012).

As a first step we test the interaction between the type of consonant and the morphological boundary
(Table 7). Speaker was used as a random effect in order to take into account between-speaker variability. The
presence of a preceding vowel in the form of a binary variable was also used as a random effect. An ANOVA
test was conducted between the null and the full model (Table 8) revealed no significant interaction between

type of consonant and boundary depth (p = 0.25).
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Figure 5: Histograms of the voicing ratio by type of following consonant and boundary depth

Table 7: Model - Consonant * Boundary Interaction

Model Model Strucure
Full model | glmmadmb(voic_ratio ~ consonant * boundary + (1|speaker) + (1|vowel bin), family="beta")
Null model

glmmadmb(voic_ratio ~ consonant + boundary + (1|speaker) + (1|vowel_bin), family="beta")

Table 8: ANOVA - Consonant * Boundary Interaction

NoPar LogLik Df Deviance Pr(>Chi)
Null Model 7.00 617.81

Full Model 9.00 619.20 2 2.78 0.2491

A beta regression was conducted to test the effect of boundary depth on the voicing ratio of the sibilant
?77?. Speaker and the presence of a preceding vowel were introduced as random effects in the model. A one-way

ANOVA between the full model and the null model (Table 10) indicates a significant effect of boundary depth
on voicing ratio (p = .0317)

Table 9: Model - Voicing ratio and morphological boundary

Model Model Strucure
Full model | glmmadmb(voic_ratio ~ consonant + boundary + (1|speaker) + (1|vowel_bin), family="beta")
Null model

glmmadmb(voic_ratio ~ consonant + (1|speaker) + (1|vowel_bin), family="beta")
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Table 10: ANOVA - Voicing ratio and morphological boundary
NoPar LogLik Df Deviance Pr(>Chi)
Null Model 7.00 1037.66
Full Model 9.00 1041.11 2 6.90 0.0317

Finally, we also tested the effect of the type of consonant on the /s/-voicing, using again a beta regression
model with mixed effects (Table 11). The ANOVA test between the two models is highly significant (p <

.000) indicating a strong effect of the type of consonant on the voicing of the preceding sibilant (Table 12).

Table 11: Model: Voicing ratio and following consonant

Model Model Strucure

Full model | glmmadmb(voic_ratio ~ consonant + boundary + (1|speaker) + (1|vowel_bin), family="beta")
Null model | glmmadmb(voic_ratio ~ boundary + (1|speaker) + (1|vowel bin), family="beta")

Table 12: ANOVA: Voicing ratio and following consonant
NoPar LogLik Df Deviance Pr(>Chi)
Null Model 6.00 1022.14
Full Model 9.00 1041.11 3 37.94 0.0000

Bonferroni corrected pariwise comparisons were conducted (Table 13) revealed significant differences
regarding the voicing ratio in most of the pairwise comparisons on types of consonants. Exceptions to that
where were the fricatives-plosives and nasals-sonorants pairs. On the other hand, there are no significant

differences in the pairwise comparisons of the voicing ratio between different boundaries.

Table 13: Bonferroni Pairwise Comparisons

Consonant p-value
nasal - fricative .0013
fricative - plosive .1428
fricative - sonorant | < .0001
nasal - plosive .0011
nasal - sonorant .3886
sonorant - plosive < .0001
Boundary

stem - morpheme .5678
stem - word .6606
morpheme - word 2218

4 Discussion

The results presented in this study indicate that the prominent factor for the realisation of /s/-voicing is
the type of the following consonant. This is not new and has been demonstrated in previous studies on the
phenomenon (Baltazani 2006). Voicing assimilation appears more often and at a higher degree when the

sibilant precedes a fricative or plosive consonant compared to nasal voiced consonants.
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However, this experiment offers some additional information. Although there is an overall significant
effect of the boundary depth in which the phenomenon occurs, post-hoc analysis showed no significant effect
on any of the pairwise comparisons.

In all three morphological boundaries we see a dip in the histogram, around the 0.75 margin (Figure
5). It is possible that this dip marks the difference between cases where the assimilation had been applied
and cases in which it has not. Cases with a voicing ratio up to .50 could be indicative of progressive voicing
caused by the preceding vowel. In these cases the first half of the sibilant is voiced and no regressive voicing
from the following consonant is applied. In cases where regressive voicing is actually applied the ratio gets
closer to 1.00, that is the sibilant becomes fully voiced.

Significant between-speaker variation was observed in the results. This variation is also present in the
realization of the phoneme /z/ in intervocalic position. Speakers 3 and 7 apply regressive voicing in almost
all the experimental tokens (Figure 3) but they also tend to produce /z/ fully voiced, unlike the rest of the
speakers. Voicing ratios in /z/ phonemes for most of the speakers in the experiment ranged from 0.5 to 1,
while the voicing ratio distribution in /s/ phonemes is left skewed. For speakers 3 and 7 the differentation
between /s/ and /z/ is clearer as the voicing ratio distribution is strongly right skewed.

Our hypothesis regarding the effect of boundary depth predicted that voicing assimilation will occur more
often in word-internal position compared to between-word boundaries. This hypothesis was not confirmed
in this study. It is possible that deeper prosodic boundaries may have a clearer effect on the application of
/s/-voicing, however, the design of this experiment aimed at eliminating, or at least minimising the existence
of clear prosodic boundaries across word boundaries in which /s/ + C|p,e clusters appear.

An additional aspect of this phenomenon is the perception of voiced/voiceless sibilants by native Greek
listeners. As the results suggest, there is a wide range of values in the voicing ratio of the sibilants that occur
in /s/ 4+ C[4.v0i clusters, based on the following consonant and the speaker. An interesting question would be
whether there is a threshold in the voicing ratio for identifying a token as voiced or voiceless and whether
native listeners are insensitive to differences in the voicing ratio in these clusters once this threshold has been

reached.

5 Conclusion

In this study we explored the acoustic characteristics of the regressive /s/-voicing assimilation phenomenon
in Standard Modern Greek. We have done so by conducting an experiment in which the voiced greek sibilant
/s/ was examined in a phonological environment that causes regressive voicing, that is preceding a voiced
consonant. We have tested the effect of both the type of the following consonant and the morphological
boundary that follows the sibilant. Additionally we have compared the realization of voicing among the 9
speakers that took part in the experiment. We have measured the degree of voicing as a percentage of the
voiced part of each token over its total duration The results show a strong consonant effect, in accordance to

the literature. We have not been able to determine a significant effect of boundary depth on the applciation
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of /s/-voicing. Between-speaker variability was also significant, indicating a speaker-idiosyncratic aspect of
/s/-voicing. Further research could reveal the effect of voicing ratio variability on the perception of voicing

assimilation.
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Appendix

Clusters within word boundaries

Table 14: Word list
Cluster  Stem-internally  Across morphemes

/s/+/v/ prezvévi dizvastaxtes
amfizvitisun prozvali
zvisun (3)
/s/+/i prozjiosi
/s/+/3/ prozdidrisan (2)
/s/+/1/ slavika dizliturjia
islamikés prozlamvanouses
/s/+/m/ kézmo (2) fezmads (2)
pagdzmios dizmenis (2)
politizmé (2) anagazménos (3)
zmikrinsi dixazménes
smileménes apofasizménes
apotelezmatika
zvizménos
prosdiorizmdo
/s/+/n/ diznodites
/s/+/t/ isrof
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¢ onoleg mpeoPelel o clUyypovoc Evpwndinde mohitiopds. Edv 1 xplorn emdetverdel elvar mdoavév ou mohiteg
vo augiofBntioouy évtova ) dour) e omuepivigc xowwviag. To medBinua elvon gavepd Rdn otnv Exrédo.H
duoheltovpyia Twv Yeoudv €xel mpoxaréoel SUOUEVELS ENTOOE 010 ofoUNUo ACPIAELNC TWV TOALTOY, TNV
ouxovouia, xou T SxonoctvN.Av ol ouxovouixéc cuvéneleg Tng xplong elvan dBucBdotoaytee yia Tov péoo 'EAinva,
oL avtoyéc tou e€avtholvtan 6tay Beedel avayxaouévog va cuvahhayel ue 1o %xpdtoc.Ot pwvéc mou Aol Yo
avayxn ouixeuYoY Tou xpdtoug cuvey®s tAndaivouv.To uévo olyoupo eivon dTu war oelpd and uetappuduioeig
elvon dueoca anapaitnteg

Text 2

H yeydin eiopor| yetavaotdv oty Eupdnn anotelel éva and ta mo xowtd {ntidota oAUepa Yiol TOAAES EVpw-
Tiixéc xowmviee. Xuhddee avipwmol eivan avoryxaopévor va Louv o dOMes cUVITXES, dNUIOLEYOVTIS EXOVECS
«yx€toy oe Yeydheg moiec. To mpdfBinua eivan Wiitepo évtovo oty EAAGDa woT6c0 BeV apopd Tor cUYXEXPL-
pévn ywea xou pévo.Ilohhol dvdpwnol avoyxacuévor and tig cuvirireg Lwnig ¥ Toug Toréuoug, eyxotaheirouy
TG YOPES Toug xou oTpépovton Tpog TV Eupdnn. Ou dvipnnol autol épyovtar and SlapopeTixéc xovwvies xou
ue dapopeTinéc mpoohauBdvouces xou Bev elvol OTAVIEC OL MEPITTWOELC OTIC OTOLEC 1) TPOCUPUOYY) AUTOY TV
avipmnwy dev elvar 00Te opah) 0UTE elpnvixy). Ot xowmvieg Hotdlouy duyaoUEVES OE OYEOT UE TO CUYXEXPWEVO
Véua eved oL xuBepvrioelc dev BelyVouY amOPUCIOUEVES OUTE IXOVES VoL OVTLUETWOTICOLY TO YEUA AMOTEAECUOTIXG.
Qot600 10 MEOBANUA dNULOVEYEITOL OTIC YWPEC TEOEAEUCTC TWV PETAVACTOV 1} TROCPUYWY TOAD Tewv ayY(Eel
T B wag meployn. Xuveyelc toOAepoL, oxovouxy exetdhheuon xon @Tayta eivan ol Bacixol Aoyol mou odrn-
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yoUv Toug TeplocdTEROUE and Toug Petavdotes ot Quyh.H Siedvic mtoltind twv aventuypévwy ywpedyv €xel
onpovTixéc eudiveg yiow TNV ddilor xatdo Toor TOAAGY ywewyv e Aclac xou e Ageixic.Autd elvon mou Yo
TpéNEL TPWTIoTWE Vo ahhdel.Oa ypetaotel vor Yivel ueydhn npoondielo wote vo officouy autéc ol Badiéc ovi-
GOTNTEG TOL XUELAEYOVY oy X0ooUlne oruepa. Vo TEETEL VoL YIVEL GXOTOS TV AdDY TOU BuTX0) XOOUOU TO Vi
peL o0y oL GUYXEOUGELS Bledvidg xou Vo xatamohepnVel 1 melvo xan 1 avéyela Tou TeocBdhel TOAAES ERLOYEC
tou xéopouv. Ehuepa 1 Evpdnn enextelvel ta dpta empporic tne.Ou oyéoeic tne pe 1o Ioparh, ) Pwola, xon dha
o Xhofud €9vn eivon mo xokég and noté.Or oyéoelc e Eupdnng ue tic wohauixéc ydpeeg Yo €xouv avaupt-
ofiTnTa xodopioTinf onuacta xou yio T 800 mhevpés oo wEMov.Eivaw oto yépr tne Evpdnne va embiide
€V VEO TIPOGOLOPIOUS TWV OYECEDY TNG UE TOV AVATTUCCOUEVO XOOU0 EETEPVMVTAC [ome avTihAelc opheuéveg
oe Bddoc advwv.Av dev yivel xdtl e, 0w 1 TEOCYEIGN TNV TEAYUUTIXOTHTA VoL elvol dEXETE andToun
yioo 6houg pag, H Aoy e adlapopiog amévavtt ota peydho npoBiruata ondvia Bondd tnv xatdotaon.Xtny
npoxelévn neplntwon to wévo mou Yo @épel eivon duouevelc emntwoeic ot (oY v Evpwralny moAtdy xou
Y hdde avidpmnoug ota Gpta g eéadhinong, ofinouévouc amd Tov Ydptn TNg avipwndTnToC.

Clusters across word boundaries

Table 15: Clusters list

Cluster 1IPA Frequency
c+B /s/+/v/ 3
¢+ ye/v /s/+/i 1
<+ vo/ya/you  /s/+/x/ 1
¢+39 /s/+/0/ 4
<+ A /s/+/1/ 2
¢+ /s/+/m/ 3
<t v /s/+/n/ 2
c+e /s/+/r/ 2
¢+ un /s/+/b/ 2
¢+ vt /s/+/d/ 2

Text 3

Méow pog AMTrg xou LlooppoTNUEVNE SLTEOPHC TEOCAOUBAVOUUE G TO ATAEA(TYTO CUC TATIXE Yol TOV OPYAVIOHUS
pog, 6mwe Prtapives, aoPéotio xou mewtelve. Ot dlatpopueé pag ouvrteieg fondoly otn Beitiwon tng Aettoup-
viog Tou opyaviouol.H npdoindn aoBectiou and ta moudid ebvon tdiaitepa onuavtier xadde xotd tn didpxeta Tng
Beepuhc nhixlag dapoppmvetal 0 oxeretoc.H owotr dlatpopy), tépa amd to 6Tl pog yeuilel pe tnv anapoltnT
evépyela, pog divel xan Ty amopoltnty evedio yio puo xahbtepn notdtnto Lwic. Elvar onpavtind howndv n noiitela
VO EVIUEPWVEL TOUC YOVELS oyeTd Ue T onuocio Tne dlatpo@nc oty avdntuén twv Toudidv.Xuyvd ol Yovelg
POTOVY W YUTOPOUY VoL XPATHOOUV TA TOUSLE TOUS Uaxpld amd avBUYIEVES TEOQEC. Do UTOPOUUE Vo EXTIOLDE-
Uoouye To ToudLd o vor ETAEYOUV Tpogéc vooTes e Arydtepa hmopd. Xpetdleton aopolds Ypévos, UTOUOVY
xa povtocion AANKGTE 660 xou oy oL Yoveic pulploouv to Tedypapua Toug MOTE Vo EMBAETOVY To TadLd TOUg,
navto Yo uTdpyouv apxetéc Yxpllec {dveg oTo Nuepriolo tpdypauua. Aéyovtag yxpileg {dvee evvoolye Tic (peg
nou To Toudl TEPVA EXTOC oTITION T.Y.0TO OYOAElo, oY BLdpxeld TOU OTOlOU ToL TAUBLE XAUTAVAALYOUY UEXETEG
avduytewvée tpogéc. oap'dha autd undpyouv TOAAES TPOYES oL cLVBLALoUY TNV YEVOT Xou TNV XA Lyelo. Ao-
YOVIXd OTWS oL peEaxec vToudteg Bploxouv oyetind edxola T ¥éom Toug oto maudd Yevol. Mropolue Aowndy
VOL OVTIXOTOG THOOUPE Yiol Tapddelypo T0 Caumdy e HEPXES PETEC VTOUATOC GTO Tadixd CAVTOULTS, XAvovTog
éval pxeod e Teog wo o loopponnuévy datpogh.H Aorn Beloxetoun oto mopdderyua xan tic cuvideieg tou
emixpatolv oto onitl.Av ol yovelg tpépovtar aviuyiewvd, to (Blo Yo cupPel xou pe to taudid.Ipwtiotwe Aowndy,
npénel ol (Blot oL Yovelc va BeEATIdo0UY TN BlaTeo@Y) TOUG Xal VoL SOCOUY aUTOl TEMTOL Tol TUEAEDELY oL GTaL TToUdLd,
o omola apyd X Yeryopa Yo toug wundoiv.
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